We report the analysis of the rotational spectrum of dimethylether measured between 60 and 400 GHz. Rotational and quartic centrifugal distortion constants are given. Internal rotation splittings are analysed with the I AM method. The value of is compared to the values obtained for similar molecules.
Introduction
Dimethylether was the first two-tops molecule whose microwave spectrum was analyzed taking into account the internal rotation effects: the microwave spectrum of dimethylether was first studied by Kasai and Myers [1] who assigned some low J transitions of (CH 3 ) 2 0 and (CD 3 ) 2 0. These authors extended their measurements to transitions with J< 6 for normal species and isotopic species [2] . They determined a structure of the molecule and measured the dipole moment (p b = 1.302(1) D). Further studies of normal and deuterated species (CD 3 ) 2 0 and CH 3 OCD 3 in the ground state and the first and second excited torsional states were carried out by different groups in the frequency range 10-40 GHz [3] [4] [5] [6] [7] [8] . The internal rotation was analyzed with the PAM method, and the potential barrier F 3 as well as the top-top coupling term V{ 2 were determined. A complete analysis of all existing data for the ground state of (CH 3 ) 2 0, which includes new measurements in the millimeter-wave range (40-105 GHz), was made by Lovas, Lutz, and Dreizler [9] . Internal rotation analysis was made by the IAM method and a centrifugal distortion analysis was performed for the first time. The rotational Zeeman effect has been investigated on dimethylether by Benson and Flygare [10] , Dimethylether was also detected in the interstellar medium, first in Orion A [11] and then in SgrB 2 [12] . These detections were then confirmed by a more detailed search in these two molecular clouds [13] . Lovas, Lutz, and Dreizler [9] published a list of predicted frequencies up to 300 GHz for transitions with J < 16, allowing the identification of many lines of dimethylether in the various millimeter-wave surveys of Orion A and SgrB 2 [14] [15] [16] .
The aim of this work is to extend the previous ground state measurements to the millimeter and submillimeter frequency range and to improve the accuracy of the derived molecular constants. Another goal of this work is to determine experimentally the moment of inertia of the methyl top. In the previous studies its value has always been kept fixed to a value calculated from the structure. It is well known that the structure of a methyl group is difficult to obtain with accuracy. On the other hand from the analysis of the internal rotation splittings it is often possible to determine I x with good accuracy if the barrier is not too high.
Experimental Details
The sample of dimethylether was obtained from Fluka AG. (Buchs-Switzerland) and was used without further purification. The lines between 60 and 120 GHz were measured with the millimeter-wave spectrometer in Kiel [17] , The higher frequency measurements were performed in Lille. The millimeterand submillimeter-wave spectrometers are described elsewhere [18, 19] . The accuracy of the measurements is typically 50 kHz. The measured frequencies are reported in Table 1. 0932-0784 / 90 / 0500-0677 $ 01.30/0. -Please order a reprint rather than making your own copy. 
Analysis
Dimethylether belongs to the symmetry point group C 2v , the C 2 axis being the axis of the intermediate moment of inertia. The two methyl groups are then equivalent and the rotation-internal rotation hamiltonian is invariant under the operations of the group C 3v • C 3v [20, 21] . Each ground state transition is split into four components labelled AA:EE:AE:EA, the relative intensities of which depend on the parity of the K_ K + labels, 6:16:4:2 for the ee-oo transitions and 10:16:4:6 for the eo-oe transitions. The constants of Lovas et al. [9] were used for the first prediction of the spectrum. The predicted splittings and the relative intensities of the components were a great help in the analysis.
The splittings were first fitted to internal rotation parameters (wj (s), I a , and 6), the rotational constants being kept fixed. These calculations were made with an IAM hamiltonian originally written by Woods and modified by Kasten [22] . The internal rotation contributions were then subtracted from the experimental frequencies, and the unperturbed frequencies were fitted to a rigid rotor hamiltonian (Watson's A reduction, I r representation). This two-step procedure was repeated until convergence was reached. The data from (9) were also included in our analysis. The derived parameters are reported in Table 2 and compared with the previous values from Lovas et al. [9] , The quality of our fit allows us to predict the ground state rotational transitions of dimethylether up to 400 GHz for higher J values and with a better accuracy than the previous studies. This might be of interest for radioastronomers in the assignment of interstellar lines in the millimeter and submillimeter domain.
I a is determined for the first time with accuracy. Its value is higher than the values used in the previous internal rotation analyses. This high value of I x may be compared with that found for other ethers or esters, see Table 3 . It appears that in all cases 7 a (CH 3 -0) is higher than the mean value I a = 3.197 u.Ä 2 obtained from the analysis of 48 molecules with internal methyl rotors [23] . These high values of I a can be explained by a trans effect of the lone pairs of electrons of the oxygen atom. The C-H bonds which are in a trans position to the lone pairs are weakened, i.e. the corresponding bond lengths are increased and the methyl group becomes asymmetric. For dimethylether we have zlr(Ha-Hs) = 0.010 Ä, a value obtained from the correlation relation between r(C-H) and the frequency of the stretching mode of the C-H bond (35) . This value is further confirmed by ab initio calculations. The order of magnitude of this effect is in good agreement with our experimental value of I a .
